Abstract -We examined the light sources and illuminated environments in Sopron's public areas and studied the impact they had on the composition of macrolepidopteran moth communities. We employed light traps with three different light sources in three differently illuminated environments (seminatural, transitional, urban) on 60 occasions during the summer period of 2012-2013 and 20 times in the seminatural area in the spring and autumn of 2014. In the first two years, we evaluated the number of individuals; in year three, we evaluated the number of species. In the first two years, the high-pressure sodium light in the seminatural site trapped the largest number of nocturnal lepidopteran specimens (2,569), while the mixed HMLI light trapped the most individuals in the transitional (1,098) and urban (822) areas. Based on the average number of individuals the first two years, we compared the locations and light sources. In terms of average number of specimens collected, significant differences emerged between two light sources and two locations. When we completed the species diversity index, we determined the compact fluorescent tube in spring and the high-pressure sodium light in the autumn showed the greatest values.
INTRODUCTION
Artificial light sources (streetlights, houses, advertising lights, automobile lights) affect the natural brightness of the night sky and thus exert negative effects on the environment of nocturnal organisms. Illumination emitted from artificial light sources causes ecological light pollution ), which is spreading at an increasing rate over built environments and is expanding into other habitats. Aristotle was among the first in antiquity to make note of the attraction light sources had on insects at night (Kovács 1962) . Nocturnal moths are especially prone to the lure of artificial light sources. Moths are the most significant nocturnal pollinators of flowers and plants (MacGregor et al. 2015) , and face the same dangers as butterflies: habitat fragmentation, climate change, pesticides (Fox at al. 2014) , and in recent decades, increasing light pollution (Hölker et al. 2010) . Artificial lights inhibit the release of pheromones in female moths and effect ovipositioning (Nemec 1969 , Sower et al. 1970 . If a moth oviposits an unusually high density of eggs in a small space in an unsuitable location near light, the result is an ecological trap (Pfrimmer et al. 1955 , Brown 1984 ) that increases competition for limited food sources among caterpillars (MacGregor et al. 2015) . Moths clustering around artificial light sources like lamps also expose themselves to greater risk of predation by spiders, bats, reptiles, and amphibians (Howe 1959 , Rydell 1992 , Heiling 1999 , Henderson -Powell 2001 . Thus, increasing light pollution has resulted in significantly reduced moth populations in some European countries (MacGregor et al. 2015) .
There are number of studies that deal with the decrease of individuals in pollinator populations around the world, but these focus mainly on diurnal insects (Williams 1982 , Potts et al. 2010 , Carvalheiro et al. 2013 ).
There are a number of studies focusing on the level of attraction to various lights within the orders of insect species. Frost (1954) experimented with black (100 W) and white (10 W) lights both together and separately. He experienced black light attracts most insects of the Diptera order, while white light attracted the greatest number of individuals from the Miridae and Chrysopidae orders. In India, monitoring investigations with mercury vapour lamps, black lamps and UV lamps have been carried out. After assessing these light traps, it was found that the mercury vapour lamp attracted the greatest number of individual specimens from the Lepidoptera, Hymenoptera, Hemiptera, Odonata and Diptera orders while the black lights attracted the greatest number of insects from the Coleoptera, Orthoptera, Isoptera and Dictyoptera orders. The UV lamp collected the greatest number of insects from the Orthoptera, Diptera and Dermaptera orders (Ramamurthy et al. 2010 ). Eisenbeis -Hassel (2000) light trapped in three differing areas including a residential village (with some garden ponds), a farmhouse site and a road site near a village. The lamps were high-pressure mercury vapour (80 W) or high-pressure sodium vapour (70 W or 50 W) and high-pressure sodium-xenon vapour (80 W). For special purposes, some of the high-pressure mercury vapour lamps were fitted with ultraviolet absorbing filters over the glass cover of the luminaires. The highpressure mercury vapour light attracted the greatest number of insects and the high-pressure mercury vapour light with filter attracted the fewest. Walker -Galbreath (1979) experimented with four types of lights. The mixed mercury vapour lamp (160 W) attracted twice as many insects the black light (8 W). The black light (8W) collected double the insects than the white or kerosene lamps (8W) did.
Our study is important because it examines the relationship between artificial lights and nocturnal macrolepidopteran moths and draws attention to the dangers artificial lights pose to these populations.
The aim of this study is to investigate different types of illumination in the environmentespecially those originating from artificial light sources -and the effect these have on the number of lepidopteran individuals collected by light-traps in the summer. Furthermore, the study compares the diversity of the lepidopteran community collected by different artificial lights in the spring and in the autumn. In addition to this, we compare the diversity of lepidopteran communities that we attracted to the various light in both spring and autumn. We assumed that of the three location we used, the greatest number of lepidopteran individuals would occur in the seminatural area. Moreover, we also assumed that the HMLI lamp would produce the highest diversity value of collected lepidopteran communities in the spring and in the autumn as well.
MATERIALS AND METHODS

Study area
We selected three areas of different illumination intensity in Sopron and its surrounding for light-trapping. We termed the sites as follows: seminatural, transitional and urban. The seminatural study area is devoid of artificial lights, has virtually no light pollution, and is located in the Sopron highlands (47°40'N, 16°27'E). The characteristic tree species of the area include beech, hornbeam, sessile oak, sporadically, common alder, birch, crack willow and aspen (Dövényi 2010). The transitional area had slight to moderate light pollution in the area caused by street lamps and illumination of local residences. The transitional site of our study is located in Bánfalva, which is a suburb of Sopron. The tree species present in this area are: cherry, linden, silver fir and white birch (47°68'N, 16°55'E). The urban area is located at the meteorological station, which is in the centre of Sopron; there is significant light pollution from artificial light in this area. The meteorological station was built in 1972 and the park around it was constructed on a limestone foundation with artificial fill. The park contains several shrub and tree species including cherry laurel, hornbeam, common spindle, oriental thuja, and Russian olive (47°40'N, 16°30'E).
Sampling design
Nocturnal moths specimens were collected in the summers (June, July and August) of 2012 and 2013 as well as in the spring (March, April) and autumn (October, November) of 2014 ( Table 1) . Nocturnal moth specimens were collected on 60 occasions in the years 2012 and 2013 and on 20 occasions in 2014 ( Table 1) . The sampling times were in three-day cycles adjusted to the new moon, the prime of the moon, the wane of the moon, and full moon. For our research, we used Jermy-type light-traps with three different light sources. The individuals collected by light-trapping were killed with ethyl acetate. In 2012 and in 2013, we employed one light trap in each area; we exchanged the lights in each area in three-day cycles (Photo 1, 2, 3 in Appendix). We utilized all three kinds of light traps simultaneously only in the seminatural area where we separated the light traps from each other with plank dividers (Photo 4 in Appendix). Light trapping went on for the entire duration of the night, from sunset to sunrise. Based on prior information and knowledge, we used the following three kinds of light sources: a high-pressure sodium lamp (150 W, 1950 K, 17500 lm), a HMLI mixed lamp (160 W, 4200 K, 3100 lm), and a compact fluorescent tube (36 W, 4000 K, 2900 lm). We selected these light sources because they were the most commonly occurring ones in residential settlements. 2012 10;11;12;18; 19;20;26;28 2;3;4;10;12; 17;18;19;27; 28 7;8;9;16;17;18; 23;24;25;30;31 2013 7;8;9;15;16; 17; 22;23;24;29;30 1;7;8;9;15; 16;17;28;29;30 5;6;7;13;14; 15;21;22 
Data analysis
We analysed the results in two ways. The first analysis was based on the number of collected Lepidoptera individuals in the three areas in the summer 2012 and 2013. We investigated the correlation between the different illumination areas and the number of lepidopteran individuals collected. For the analysis of the average number of individuals, we made a comparison of the locations and light sources used based on the average number of collected lepidopteran specimens. Using the nonparametric Kruskal-Wallis H test, we examined data lines to determine if they could stem from same distribution (the test in accordance ANOVA nonparametric); this examination had a 95 % level of trustworthiness. We used a Statistica 12 program for the assessment and with the help of the Lilliefors and Shapiro test we employed a normalization investigation. The results of this determined that the collected data was usually within the range of normal distribution (Kemény et al. 2011) ; the evidence for this were the "p" values, which were smaller than 0.05 (α=0.05) in many cases, but did not hold true for every pattern. In the second analysis, community ecological comparisons were completed on Lepidoptera assemblages collected by the various light traps using the Past program (Paleontological Statistics Software 2.17) (Hammer et al. 2012 ). We measured and compared the light attraction of lepidopteran communities to various light sources with the Jaccard similarity index (Raup-Crick 1979) . To determine lepidopteran diversity, the Shannon index, Simpson index were calculated, and a Pielou-type equitability test (Krebs 1985) . To compare diversity values, we used the Rényi diversity profiles (Tóthmérész 1997). To determine the species dominance of the lepidopteran communities, we utilized the Berger-Parker dominant index (Southwood 1984) .
RESULTS
Summarised, 10,902 individuals of Lepidoptera were collected in 2012 and 2013. Of the three areas, the greatest number of individuals collected was in the seminatural area (6,568) using the HMLI mixed lamp (5,145) ( Table 2 ). When we compare the catch results based on light source, the high-pressure sodium lamp in the seminatural area yielded the largest number of individuals (2,569) while in the transitional (1,989) and urban area (822) the HMLI mixed lamp yielded the most individuals specimens. There was no significant difference among light sources in the seminatural area (p>0.99). In the transitional area, we found a notable difference between the high-pressure sodium lamp and the HMLI mixed lamp (p<0.02), and between the compact fluorescent tube (p<0.001). In the urban area we found a notable difference between the HMLI mixed lamp and the compact fluorescent tube (p<0.04) ( Table 3) . Based on location comparisons, we found notable dissimilarities in the average number of specimens trapped using the high-pressure sodium lamp and the compact fluorescent tube in the seminatural and transitional areas as well as between the seminatural (p<0.001) and the urban (p<0.001). We detected no considerable discrepancies in the averages in any of the locations with the HMLI mixed lamp; however, with the compact fluorescent tube, the difference between the seminatural and the transitional was (p<0.001), while the difference between the seminatural and urban locations was (p<0.001) ( Table 4) .
According to lamp source, we identified 134 macrolepidopteran individuals from 13 species in the seminatural area in the spring of 2014. In the same location in the autumn, we identified 851 individuals from 11 Lepidopteran species using Varga (2010) nomenclature (1. appendix, 2. appendix).
We analysed the number of collected lepidopteran individuals using the Berger-Parker dominance test. The dominant species in the spring collected by the high-pressure sodium lamp was Colocasia coryli (L.1758), while in the autumn Operophtera brumata (L.1758) was the dominant species. With the HMLI mixed lamp and the compact fluorescent tube, the dominant lepidopteran species in the spring was Lycia hirtaria (C.1759), and in the autumn, it was Operophtera brumata (L.1758) ( Table 5) . We compared the species similarity of nocturnal lepidopteran communities according to the three light sources and determined that the similarity comparison of the communities was highest with the HMLI mixed lamp and the compact fluorescent tube, while in the autumn the highest similarity was the high-pressure sodium lamp and the compact fluorescent tube ( Table 6 ). We found the greatest similarity when investigating density in the spring between the high-pressure sodium lamp and the compact fluorescent tube, while in the autumn the closest similarity in terms of density was between the HMLI mixed lamp and the compact fluorescent tube ( Table 7) . The diversity indices for macrolepidopteran communities showed the greatest values in the spring with the compact fluorescent tube, while in the autumn the greatest values occurred with the high-pressure sodium lamp (Simpson, Shannon, Pielou equitability) ( By comparing the lepidopteran community diversity profile to the three types of lamp sources, we determined that the community trapped in the spring using the compact fluorescent tube was more diverse than the community trapped using the high-pressure sodium lamp. In addition to this, from the perspective of lepidopteran diversity, the communities trapped with the HMLI mixed lamp and the high-pressure sodium lamp cannot be ranked (Figure 1 The lepidopteran community collected with the HMLI mixed lamp in the autumn is more diverse than the community collected with the compact fluorescent tube. The graph lines of the high-pressure sodium lamp, the HMLI mixed lamp, and the compact fluorescent tube all intersect on the graphs; therefore, the diversity of the light-trapped macrolepidopteran communities cannot be ranked by lamp source (Figure 2) . 
DISCUSSION
A study employing methods similar to ours was completed in rural Germany (EisenbeisHassel 2000) . As in our research, the German study used various locations to complete their light-trapping: the residential area of the town of Sulzheim, a more rural agricultural location with farmhouses, and a road near the edge of the Sulzheim settlement; although the study did not specify, we assumed that this area had different environmental illumination. The types of light used were high-pressures mercury vapour (80 W), high-pressure sodium vapour (70 or 50 W), high-pressure sodium-xenon vapour lamps (80 W), and for special purposes, some of the high-pressure mercury vapour lamps were fitted with ultraviolet absorbing filters. The number of collected insects was the greatest with the high-pressure mercury vapour lamp. The light sources used in the abovementioned study are different from the ones we used in our study; thus, the results of the two studies are incomparable. One new and innovative method in our study is the selection of light-trapping areas based on the light pollution in each given area. There were no significant differences in the average number of individuals trapped in the seminatural site; notable dissimilarities occurred only in the transitional and urban sites. From this, we can conclude that background illumination has a meaningful effect on trapping distance or, put another way the attraction distance, of the light sources. We come to the similar conclusion if we compare the sites by lights because in two cases there were significant differences: between the seminatural and the urban, and between the seminatural and the transitional sites. In our study, we used light traps with three different light sources in the area of Sopron and the Sopron highlands. Many faunistic investigations concerning nocturnal macrolepidopteran communities have been completed in this location (Leskó -Ambrus 1998 , Sáfián et al.2009 , Sáfián -Szegedi 2008 , Horváth -Lakatos 2014 , Horváth et al. 2013 ), but none employed methods that were similar to ours. The results gathered and compiled for the seminatural area cannot be considered complete due to the small number of specimens collected by light-trapping; nevertheless, the research studies still point to which nocturnal lepidopteran species are attracted to artificial lights in the spring and in the autumn. Therefore, our study draws attention to the potential danger artificial lights pose to certain nocturnal lepidopteran species. The basis of our results prove that in the spring individuals of the Lycia hirtaria (Clerk, 1759) species were drawn by the highest number to the HMLI mixed lamp, while individuals of Colocasia coryli (Linnaeus, 1758) species were attracted by the highest number to the high-pressure sodium lamp. In the autumn, individuals of Operophtera brumata (Linnaeus, 1758) species were attracted high-pressure sodium lamp in the highest number.
The type of light sources is not the only factor that influences the light attraction of individuals from the microlepidopteran and macrolepidopteran species (Mészáros 1966 , Nowinszky -Ekk 1996 , Puskás -Nowinszky 2011 , Ábrahám et al. 2009 , Frost 1954 ) the height positioning of the light also plays a role. This can be an especially important factor in the case of street lamps (Bürgés 1997) . In our study, we positioned our light traps at a 2 m height from the ground. Before we embarked on the research, we assumed that the highpressure sodium lamp would produce the greatest diversity index values in every season, because it was the light source with the highest luminosity value. In contrast, the results show that according to the Shannon, Simpson, and Pielou equitability indices, values are the highest in the spring with the compact fluorescent tube, whereas the high-pressure sodium lamp showed the highest values in autumn.
The similarity between macrolepidopteran communities in the spring and autumn with the HMLI mixed lamp (3100 lm) and the compact fluorescent tube (2900 lm) could be attributed to the similar luminosity of the two light sources. This condition is apparent in the diversity profile as well.
The results confirm our supposition that the greatest number of collected lepidopteran individuals occurred in the seminatural area. Therefore, artificial light sources may decrease the number of lepidopteran individuals. The results also partly support another of our supposition -the diversity of Lepidoptera communities was the greatest by compact fluorescent tube in the spring and by high-pressure sodium lamp in the autumn. Our results illustrate the diverse sensitivity of lepidopteran species to different lamps. The results demonstrate that from a nature protection point of view, artificial lights can negatively affect the environment of lepidopteran communities.
For further investigation and for a better understanding of the effect artificial lights have on Lepidoptera communities, we would require more areas, sites, dates, and lights. 
